Introduction
============

Nail plate microscopic analysis in PAS stained slides, also known simply as nail clipping, is an established test used in the diagnosis of onychomycosis \[[@b1-dp0303a04]--[@b7-dp0303a04]\], and in one study it proved to have a role in discovering clinically unapparent nail fungal infection \[[@b8-dp0303a04]\]. Its application in evaluating causes of onychodystrophy other than fungal infection is reported to a very small extent, though \[[@b2-dp0303a04],[@b9-dp0303a04],[@b10-dp0303a04]\]. Because we believe microscopic evaluation of nail clippings may be a potential tool in investigation of nail dystrophies of any cause, not only mycotic but also inflammatory and traumatic, we considered necessary to establish normal microscopic parameters first.

Furthermore, in order to make the diagnostic test of nail clippings easier and quicker, we propose a method of microscopic preparation without fixation with formalin and automated tissue processing. We will compare that method with an alternative one, in which nail fragments are placed directly in paraffin, without fixation and automated microscopic tissue processing.

Materials and methods
=====================

Volunteers were asked to donate nail clippings from two fingers. Inclusion criteria: healthy adults with no visible nail abnormality and without any local or systemic disease that could interfere with nail growth. Exclusion criteria: manicure or nail biting habits. The subjects were oriented in such a way so as to obtain a full-thickness nail sample with nail clippers or scissors (as far proximally as possible without discomfort) from the distal part of both annular fingers nail plates. Randomly, one nail fragment was placed in a container with 10% formalin, and the other was put in a dry sealed receptacle. The samples were coded to allow blinded paraffin block sectioning, slide preparation/staining and microscopic interpretation. Cassettes with formalin-fixed specimens were submitted to standard automated tissue processing, and cassettes with dry specimens were directly immersed in melted paraffin (68° C) for 50 minutes. For paraffin embedment, in all specimens, the long axis of the nail fragment was oriented in a way that would allow microtomy to be achieved at a right angle to the microtome blade. Once all paraffin blocks were ready for sectioning, each block was trimmed with caution to only expose the nail down to a level where a representative section could be obtained. The cut faces of the blocks were kept facing an icy cold surface (approximately 1° C) with 10% ammonium hydroxide solution for 30 minutes, prior to microtomy. Paraffin sections were cut at 2 microns and placed on Meyer albumin coated slides. Two slides from each block were obtained, one subjected to staining with hematoxylin and eosin (H&E) and the other with PAS with digestion (PAS). The H&E-stained slides were evaluated for the following microscopic features: nail plate and subungual region thickness (measured using a microscopic ruler), and the presence or absence of neutrophils, bacteria, parakeratosis, onychokaryosis (name given for the retention of nuclei in the nail plate) and hypereosinophilic nuclear shadows (name given for the apparent staining of the "nuclei ghosts" of onychocytes). The PAS-stained slides were evaluated for fungi. Both H&E and PAS-stained sections were examined using the light microscope by the dermatopathologist (BW) blinded to the processing method used.

The statistical analysis of quantitative variables was performed with descriptive statistics, such as the mean, median, standard deviation, minimum and maximum. In order to compare the two microscopic processing methods used, non-parametric Wilcoxon test for quantitative variables, non-parametric McNemar test for dichotomous categorical variables, and Sign test for ordinal categorical variables were applied. P values \< 0.05 were considered statistically significant.

Results
=======

There were 13 male and two female subjects enrolled in the study yielding 15 pairs of nails. Ages varied from 20 to 62 years (mean 36, median 33, SD +/−11.4 years). Because one fragment of each individual was randomly selected for one of the methods tested, we examined 15 formalin-fixed specimens and submitted to standard automated tissue processing (formalin group), and 15 specimens kept dry and directly embedded in paraffin (dry group). Nail specimens measured from 9 to 14 mm in length (mean 10.7, median 10, SD +/−1.3 mm) and from 1 to 3 mm in width (mean 1.8, median 2, SD +/−0.65 mm). Formalin and dry groups were statistically similar regarding length and width of nail fragments (p=0.62 and 0.27, respectively).

All microscopic preparations were done by one of the authors (AA), on the same day. There was no statistical difference in the feeling of dryness or in difficulty in cutting of the specimens among the groups (p=1 in both variables).

Both PAS and H&E in the formalin and dry groups were adequate for analysis and showed two readily discernable areas: plate (external) and subungual region (internal) ([Figure 1A and 1B](#f1-dp0303a04){ref-type="fig"}). The corners or extremities of nails had a wavy configuration in the subungual region in contrast with a smoother surface in the center of the fragment ([Figure 2](#f2-dp0303a04){ref-type="fig"}). Nail plate thickness ranged from 0.25 to 0.50 mm (mean 0.36, median 0.37, SD +/−0.06 mm) and subungual region thickness from 0 to 0.31 mm (mean 0.11, median 0.08, SD +/−0.07 mm); those measures were not statistically different among the groups tested (p=0.59 e 0.91, respectively).

The contours of cells from nail plate (onychocytes) were better seen with PAS staining; cells increased in size closer to the subungual region ([Figure 3](#f3-dp0303a04){ref-type="fig"}). In 12 instances (41% of cases) nail plates presented few basophilic fusiform nuclei (onychokaryosis), usually in the outer aspect of the plate, and that finding was much more evident in the dry group ([Figure 4](#f4-dp0303a04){ref-type="fig"}). The presence of hypereosinophilic nuclear shadows was a common finding, detected in 63% of specimens, also more prominent in the dry group ([Figure 4](#f4-dp0303a04){ref-type="fig"}). In half of cases that finding was observed in the inferior/internal aspect of the plate ([Figure 5](#f5-dp0303a04){ref-type="fig"}), statistically more frequent in the dry group (p=0.002).

Nuclei in the subungual region (parakeratosis) were present in 86% of nails, and thickness varied from 1 to 13 layers of nuclei thick (mean 5.6, median 4, SD +/−3.5 layers) ([Figure 6](#f6-dp0303a04){ref-type="fig"}). None of the nails examined presented fungi, neutrophils, and blood or serum collections. Bacteria were seen in 60% of specimens in foci of the subungual region, usually in the corners, and in small amounts ([Figure 7](#f7-dp0303a04){ref-type="fig"}).

Discussion
==========

Microscopic examination of nail clippings immediately involves two discernable regions: the nail plate itself and the subungual region. Nail plate and subungual region analysis reflects nail matrix and nail bed status, respectively \[[@b11-dp0303a04]--[@b13-dp0303a04]\]. Although the nail plate shows a subtle and subjective difference in the superior and inferior parts (superior onychocytes are smaller than inferior onychocytes), we were not able to separate those two regions with confidence. Nonetheless, an ultrastructural study of normal nails permitted the definition of three regions of nail apparatus: upper and lower parts of the plate, and what is called hyponychium (subungual region) \[[@b14-dp0303a04]\]. The border between the two parts of the nail plate were not easily discernable, however, cells at the upper part of the nail plate were more flattened when compared to ones at the lower part \[[@b14-dp0303a04]\]. So, they also demonstrated progressive thickening of the plate cells from the nail surface to the subungual region limit. Furthermore, the authors found that onychocytes of the upper part of nail plates were joined laterally by sparse and deep digitations, in contrast to onychocytes from the lower part of the plate which had membranes showing a different pattern: the digitations were regular and numerous, but shallow \[[@b14-dp0303a04]\]. Similar to the present microscopic study, the ultrastructural investigation of Parent and colleagues \[[@b14-dp0303a04]\] showed that the limit between the plate and the subungual region was clearly discernible because different sizes, morphology, and staining affinities of the cells in the two regions existed. Therefore, the microscopic separation of the nail in three regions, namely, superior part of nail plate, inferior part of nail plate and subungual region, has the potential of taking the nail clipping analysis to a higher level. The dorsal aspect of nail plate (superior half) yields information about the proximal nail matrix, the ventral aspect of nail plate, immediately above the subungual region (inferior half), reveals facts concerning the distal nail matrix, and the subungual region reflects what is going on the nail bed. That approach could be very useful if nail-clipping examination is used to investigate nail diseases that affect one or other part of nail apparatus, in particular. Or, to the contrary, microscopic examination of nail clippings could indicate where in the nail apparatus disease is more prominent.

One has to keep in mind that microscopic examination of nail plates can be compared to looking at the starry sky at night: one is observing the past, because the distal part of the nail that is clipped off was formed around six months previously \[[@b11-dp0303a04],[@b15-dp0303a04]\]. Therefore, microscopic findings seen in the nail tell of standing disease (and also either topical or systemic treatment influences) that the patient had several months before the time clipping was performed.

As mentioned before, in the literature, nail clipping has an established role only for the diagnosis of onychomycosis \[[@b1-dp0303a04]--[@b8-dp0303a04]\]. Apart from that, nail-clipping microscopy was superficially studied in psoriasis \[[@b2-dp0303a04]\], but in comparison to fungal infection; alopecia areata \[[@b9-dp0303a04]\], a light and electron microscopic study in only nine patients; and in onychomatricoma \[[@b10-dp0303a04]\], a case report. As far as we are concerned, the study of Laporte and co-workers \[[@b9-dp0303a04]\] in alopecia areata was the first publication that used the microscopic examination of nail clipping as an investigation tool for a disease, in 1988 \[[@b9-dp0303a04]\]. They analyzed nails from nine patients with alopecia areata and found architectural disorder of the corneocyte arrangement, parakeratosis of variable intensity, disintegration and little depressions in the upper part of the plate, and noted that the subungual keratin was spared. Neither those authors showed frequency or intensity in their microscopic findings, nor did they compare to normal controls.

On the other hand, Mahler and colleagues, in 1998 \[[@b2-dp0303a04]\], sought for microscopic differences in nail clippings between dystrophic changes due to psoriasis and onychomycosis, compared to normal controls. They examined four cases of onychomycosis, 14 cases of psoriasis and five normal controls. In nails with psoriasis they concluded: "the psoriatic nails were dystrophic with foci of parakeratosis and frequently scattered neutrophils in the residual nail bed", without giving a full account of those findings. And about the nails without dystrophy they commented: "the normal nail cases were uniform and demonstrated only compact hyperkeratosis", without any further details.

In the present normal population that we studied, we found that nail plates and subungual regions measured around 0.37 and 0.08 mm in thickness, respectively, and nuclei in the subungual region (parakeratosis) was a common finding (86%), the numbers of layers varying from 1 to 13 layers of nuclei thick (mean 5.6). The external surface of all specimens was smooth, and no depressions were observed. Those parameters can be easily used for comparison with dystrophic nails. What we called onychokaryosis (nuclei in nail plate) was seen in 12 nails examined (41%), particularly in the superior part of nail. What we named hypereosinophilic nuclear shadow was a common finding (63% of nails examined), and was observed in the inferior/internal part of the plate statistically more frequent in the dry group (p=0.002). Both onychokaryosis and hypereosinophilic nuclear shadow were more easily perceived in the specimens pertaining to the dry group, in general. That feature gave the dry group a "busier" look when compared to the formalin group. The meaning of these two findings and why they are sometimes present in normal nails, though, remains to be investigated further. It would be very interesting to evaluate these two parameters in dystrophic nails, to see whether nuclear retention (onychokaryosis) or some sort of cell maturation (hypereosinophilic nuclear shadow) would be increased or decreased.

Fungi, neutrophils, and blood or serum collections were not seen in any case examined, and the presence of those features may indicate nail disease. On the contrary, as expected, bacteria were seen in the subungual region (60% of nails analyzed), but usually in the corners of nails and in small amounts. For that reason, the presence of bacteria should not be taken as an abnormal finding itself, although variations in the amount and localization of those organisms could have a meaning in nail abnormality investigation.

Although nail fragments are easily obtainable specimens, a nail plate specimen is very difficult to cut for microscopic preparations, due to its hardness. Probably that is one of the reasons why microscopic analysis of nail clippings is not a widespread technique in onychodystrophy investigations. A good microscopic slide is usually time consuming to make and is totally dependent upon an experienced histotechnologist. The techniques described in the literature for nail processing vary, though. The majority of nail clipping studies fix the specimens in formalin \[[@b1-dp0303a04]--[@b8-dp0303a04], [@b10-dp0303a04],[@b17-dp0303a04]\], some apply substances for softening of the nail plate, like chitin-softening solution \[[@b1-dp0303a04],[@b10-dp0303a04]\] and Tween solution \[[@b5-dp0303a04]\]. Several articles mentioned using traditional routine histologic examination for nail processing \[[@b1-dp0303a04],[@b2-dp0303a04],[@b3-dp0303a04],[@b7-dp0303a04],[@b10-dp0303a04]\], few studies applied what seemed to be a diverse microscopic processing only with a series of ethanol \[[@b4-dp0303a04],[@b6-dp0303a04]\], and a few did not use any microscopic processing at all after fixing with formalin and before paraffin embedding \[[@b5-dp0303a04],[@b8-dp0303a04]\]. One study obtained good histologic preparations without using a fixative and immersed nail fragments in a solution of liquid hand soap and distilled water followed by a process in a routine overnight cycle \[[@b16-dp0303a04]\], and in only two reports the samples examined were immediately wrapped in paraffin without using a fixative liquid \[[@b9-dp0303a04],[@b17-dp0303a04]\].

In the present study we tried to compare the more conventional method of microscopic slides preparations for nails, i.e., fixing nail fragments in formalin and processing the specimens as done in routine histotechnique, with the less widespread procedure in which nail clippings are placed directly in paraffin without fixation and automated microscopic tissue preparation. Both techniques yielded adequate microscopic preparations and no difference was detected either in cutting the paraffin block or in preparing and staining the slide. It seems that the main vantage of not using formalin fixation followed by standard histotechnology with overnight processing, is that the dry specimens allow a faster microscopic slide preparation of the nail clippings and is a less expensive technique. However, the microscopic aspect of the slides on H&E and PAS differ between the methods. The dry specimens delivered more "busy" sections, where nuclei and hypereosinophilic stains were more often seen in nail plates, when compared to the formalin-fixed ones. That microscopic difference between techniques must be kept in mind when dystrophic nails are analyzed using one or the other method of slide preparation.

In conclusion, we believe nail clippings are a valuable source of information when considering inflammatory and traumatic onychodystrophy. We here delineate microscopic findings of a normal population used as basis for evaluating any cause of nail abnormalities under the microscope. The alternative method of not using formalin fixation and overnight automated processing is faster and less expensive and yields adequate slide preparations stained with H&E and PAS for microscopic analysis of nail clippings.
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\(A\) Nail from the formalin group and (B) nail from the dry group. Two regions are readably discernable: nail plate (above) and subungual region (below). H&E ×100 (original magnification). \[Copyright: ©2013 Werner et al.\]

![](dp0303a04g001a)

![](dp0303a04g001b)

![Panoramic view of nail from the formalin group. In several instances the corners or extremities of nails had a wavy configuration in the subungual region. H&E ×40 (original magnification). \[Copyright: ©2013 Werner et al.\]](dp0303a04g002){#f2-dp0303a04}

![Nail from the formalin group. Onychocytes borders are better seen in the PAS staining. PAS ×400 (original magnification). \[Copyright: ©2013 Werner et al.\]](dp0303a04g003){#f3-dp0303a04}

![Nail from the dry group showing several hypereosinophilic nuclear shadows and onychokaryosis. Insert: one fusiform basophilic nucleus (upper half) and several hypereosinophilic "stains" in the center of onychocytes. H&E ×100 and ×400 (original magnification). \[Copyright: ©2013 Werner et al.\]](dp0303a04g004){#f4-dp0303a04}

![Nail of the dry group showing prominent hypereosinophilic nuclear shadows in the inferior/internal aspect of the plate. H&E ×400 (original magnification). \[Copyright: ©2013 Werner et al.\]](dp0303a04g005){#f5-dp0303a04}

![Nuclei in the subungual region (parakeratosis) in a nail of the formalin group. H&E ×400 (original magnification). \[Copyright: ©2013 Werner et al.\]](dp0303a04g006){#f6-dp0303a04}

![Bacteria in subungual region in a nail of the formalin group. H&E ×400 (original magnification). \[Copyright: ©2013 Werner et al.\]](dp0303a04g007){#f7-dp0303a04}
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